Abstract. In this review data on parasitofauna of allochthonous fish species in the Danube River Basin in Serbia is presented. Up to now, 33 ecto-and endoparasites of seven examined allochthonous invasive fish species have been reported. Some of the identified parasitic species are new for fish parasitofauna in the Serbian waters (Trichodina nobilis, Balantidium sp., Philometroides cyprini, Philometroides parasiluri, Eustrongylides sp., Ergasilus sieboldi, Lernaea cyprinacea, Sinergasilus polycolpus). In the open waters of Serbia (the Danube River Basin) a total of 26 non-indigenous fish species were recorded, of which 16 were the allochthonous invasive fishes. The major means of introductions and translocations were found to be the aquaculture, fish stocking and transportation. Habitat modification was found to be the factor that largely contributes to the capability of the water bodies to become a suitable recipient area. The large presence of alien fish species (27.66%) and its parasites creates a serious threat to the stability of freshwater ecosystems and the survival of the native ichthyofauna. The main environmental consequences of alien fish spreading are related to the alteration in fish community structure and function, as well as the introduction of the alien parasite species.
Introduction
The introduction of fish specimens into aquatic ecosystems is common around the world. The main purpose of these introductions over the past three decades is for aquaculture, reinforcement of natural populations, biological control or recreation activities (exotic fish aquaria, angling, etc.) (Welcomme, 1981 (Welcomme, , 1988 Stewart, 1991) . Ballast water of ships, deliberate fish stocking and introduction into aquaculture were pointed as prospective agents of dispersal of non-indigenous fish species in aquatic ecosystems (Gherardi et al., 2009 ).
Alien fishes have been introduced for many reasons in Europe: ornament, sport, improvement of wild stocks, aquaculture, biological control and accident (Elvira, 2001 ).
Aquatic introductions are made possible by a range of factors, including speciesspecific traits as well as by human activities such as river regulation, the connection of bordering basins by canals or ballast transport (Grigorovich et al., 2003) . The success of introduction depends on the capability of species to avoid predators and parasites (Torchin et al., 2003) . According to that, introduced species attain higher population densities and greater individual sizes in the recipient areas as compared to nonspecific
Results
In total, 26 non-indigenous fish species from nine different families have been reported from the Serbian part of the Danube River basin area ( Table 1) , contributing to the total species richness of ichthyofauna of Serbia 27.66%. Their parasitic species have been investigated and identified. In this paper, a total of 33 parasites (ecto-and endo-) are reported. The impact of those aliens on native fish is the topic for further research.
The list of allochthonous fish species, their status and occurrence in recipient area, pathway of introduction in our waters as well as their origin are presented ( Table 1) . Detailed data of parasite species records from seven examined invasive allochthonous fish species from Serbian open waters are presented in Table 3 . Sampling localities are marked in Figure 1 . Ectoparasites of allochthonous fish species in Serbian open waters are examined. They can be detected as an outcome of fish juveniles' introduction or together with alien fish species. With fish juveniles several Asiatic ectoparasitic species were imported from the family of Trichodinidae, as a consequence of fish introduction in fishponds without previous health condition control (Nikolic and Simonovic, 1998a,b; Nikolic et al., 2007) .
Endoparasites of allochthonous fish species in Serbian open waters have been the subject of a few hydrobiological investigations (Cakic et al., 1998 (Cakic et al., , 2001 (Cakic et al., , 2004 . In relation to the growing concern about biological invasions in the Serbian section of the Danube River and interconnected ecosystems (Cakic et al., 1998 (Cakic et al., , 2001 (Cakic et al., , 2004 Simonovic et al., 1998 Simonovic et al., , 2001 Simonovic, 2006) this work provides worthy information on the parasitofauna of non-indigenous fish species.
Metazoan parasites of Neogobius fishes (monkey goby Neogobius fluviatilis (Pallas, 1814), bighead goby Ponticola kessleri (Günther, 1861) and round goby Neogobius melanostomus (Pallas, 1814)) have been investigated in the Slovak section of the Danube River. Thirteen parasite species were identified, and the most prevalent parasites were Pomphorhynchus laevis (Acanthocephala) and glochidia of Anodonta anatine. The maximum parasite diversity was found in N. fluviatilis (Ondračkova et al., 2005) . These founds are common to parasites in the Middle Danube basin. Gobiid fish (Neogobius melanostomus and N. fluviatilis) from the north-western Black Sea were analysed for presence of helminth species, and representatives from Cestoda (1), Trematoda (6), Nematoda (6) and Acanthocephala (3) have been reported (Kvach, 2005) . In Serbian open waters no parasites for Neogobius fishes were observed. Parasitofauna of gobiid species in the Serbian part of the Danube River has not been investigated yet.
In the brown bullhead Ameiurus nebulosus some Trematodes from family Allocreadiinae and a few helminth parasites were found in the USA (Arnold, 1934; Krueger, 1954) , while in the Serbian section of the Danube ectoparasites from the group Cliophora and Acanthocephalus anguillae (Acanthocephala) (Cakic and Hristic, 1987; Kiskaroly and Tafro, 1988; Simonovic, 1998b, 1999a (Molnar, 1984) . In our study, one Ciliophora and two crustaceans were found for this fish (Cakic and Hristic, 1987; Cakic et al., 1998; Nikolic and Simonovic, 1998a (Nikolic and Simonovic, 1998a) . During the survey in Denmark, the Rainbow trout Oncorhynchus mykiss has been examined and 12 protozoans and 10 metazoan species were found (Buchmann and Bresciani, 1997) . In Serbian surface waters, a diverse parasitofauna of rainbow trout has been detected (Babic, 1935; Cakic, 1992; Nikolic and Simonovic, 1999a,b; Nikolic et al., 2006 Nikolic et al., , 2010 . Helminth fauna of the Chinese sleeper (Nippotaenia mogurndae, Asymphylodora sp.) and Lepomis gibbosus (Triaenophorus nodulosus, Proteocephalus percae, Echinorhynchidae) have been reported (Košuthová et al., 2009 ). Two monogenean parasites were found on the gill filaments of the pumpkinseed Lepomis gibbosus (Linnaeus, 1758) (Sterud and Jorgensen, 2006) . Some monogenean parasites of pumpkinseed from the Slovak part of the Danube River Basin have been collected (Gyrodactylus sp., Onchocleidus similis, O. dispar and Actinocleidus recurvatus) (Ondračková et al., 2011) . Monogenea Urocleidus similes, Nematoda Schulmanela petruschewskii, two crustaceans (Ergasilus sieboldi, Lernaea cyprinacea) as well as one species from Ciliophora (Trichodinella epizootica) were identified for Lepomis gibbosus in our study (Cakic and Hristic, 1987; Kiskaroly and Tafro, 1988; Cakic et al., 1998; Nikolic and Simonovic, 1999a) .
The cestode Nippotaenia mogurndae is reported for the Chinese sleeper Perccottus glenii (Perciformes: Odontobutidae) (Košuthová et al., 2004; Reshetnikov et al., 2011) . Except this cestoda species, the parasite community consisted of Trichodina domerguei and of 3 species, Diplostomum spathaceum (metacercaria), Echinochasmus spinosus (met.), and Eustrongylides excisus (larvae) (Mierzejewska et al., 2012) . The parasites of the Perccottus glenii were studied in different parts of Ukraine and 15 taxa of parasites were registered; among them were 1 species of Microsporidia, 5 species of ciliates, 2 species of cestodes, 2 species of trematodes, 2 species of nematodes, 1 species of acanthocephalan, 1 species of parasitic crustacean and 1 mollusk (glochidia) (Kvach et al., 2013) . For this alien fish, two Nematodes have been recorded in Serbian open waters (Philometroides parasiluri, Eustrongylides sp.) (Nikolic et al., 2007; Moravec, 2008) .
Generally, the helminth fauna of invasive fish species reported from the new territories is less rich than their native areas (Drake, 2003; Torchin et al., 2003) .
The consequences of introducing pathogens or hosts into new geographical zones where certain parasites exist can affect the healthiness of native fish population (Blanc, 2001; Pegg et al., 2015) . The impacts of alien fish introduction on the fish populations in open waters are several: Demographic impacts (the impacts on the survival of fish populations are rarely quantified, except in the particular case of lake ecosystems, or populations targeted for fishing or long-term scientific studies); Genetic impacts (genetic differences of the hosts could play a critical role in the nature and outcome of helminthiasis - Wakelin (1978 Wakelin ( , 1992 , hybridization was also considered with introgression of the resistance character or selective rearing of the survivors of a given population (Blanc, 2001 ). One of the negative impacts of alien species on freshwater ecosystems is the introduction of alien infectious agents, representing one of the greatest risks associated with ecological implications of introduction of species (Britton, 2013; Britton et al., 2011 (Torchin et al., 2003) . The release of parasites and pathogens is one of the conditions of successful invasion (Kvach et al., 2013) .
Conclusion
The large presence of alien fish species and its parasites creates a serious threat for the stability of freshwater ecosystems and the survival of the native ichthyofauna. In the Serbian surface waters contribution of allochthonous fish species to the total species richness of ichthyofauna is 27. Invasion of allochthonous fishes in the Danube River Basin in Serbia caused important changes in the native fish fauna composition and also enriched the fish parasite fauna.
